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Abstract 
CNC technology is the key technology of the machine tools, which are the base of industrial unit computerization. CNC machines are operated 
by controllers, each of which has a software module inside known as interpreter. The function of interpreter is to extract data from CAM 
system generated code and convert to controller motion commands. However, with the development of numerical control technology existing 
CNC systems are limited with the interpreter lacking in expansibility, modularity and openness. In order to overcome these problems open 
architecture control was introduced. In this paper, a conceptual module of new software system is presented. The developed system is able to 
interpret ISO 14649 and 6983 code and translate as per internal structure required by the CNC machine. It interprets position, feed rate, tool, 
spindle etc data and translates to CNC machine. At the mean time it is also able to generate output in text and XML files as per user defined 
file structure. 
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1. Introduction  
In the 1950’s a revolutionary change occurred in the 
manufacturing world with the introduction of Numerical 
Control (NC) machine tools. NC is the term used to define 
the control of machine movements with other various 
functions, which transfers the instructions in a series of 
numbers via an electronic control system. After that, in the 
1970’s a next important development in machine tool 
automation occurred, that was the introduction of Computer 
Numerical Control (CNC) machines. CNC is the term used 
when the control system includes a computer. In this 
technology computer replaces most of the electronic 
hardware and punch card of the NC machine [1,2]. These 
CNC machines can be classified by a range of different 
categories including machining process, number of axes, 
spindle arrangement, number of spindles and kinematics 
configuration[3,4]. The application of CNC technique is 
often used in turning, drilling, milling, electronic 
components insertion, tube welding and cutting robots [5]. 
Computer Numerical Control technology is proved to be 
economical in mass, batch and many other single item 
production cases. The most important factors which 
contribute towards the economic feasibility of CNC 
technology are; high productivity rates, uniformity of the 
product, reduced component rejection, reduced tooling 
costs, less operator involvement and easily machining of 
complex shapes [6]. In the progression towards more 
modern systems, flexible manufacturing became dominant 
among the 1970’s and 1980’s to enable low batch 
production of a wide range of parts. In order to realize 
flexible manufacturing, Computer Numerical Controlled 
machines became a critical manufacturing resource due to 
their capability for being reprogrammed to produce 
different parts [7]. Consequently, CNC machines with multi 
axes and multi-process workstation configurations were 
developed to support high-speed manufacturing of precision 
parts such as complex aerospace components [8]. 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin.
730   Yusri Yusof and Kamran Latif /  Procedia CIRP  26 ( 2015 )  729 – 734 
Today in industries many CNC machines are employed 
with different controllers and multiple abilities to fulfill 
customer demands. Most of these CNC machines are 
programmed in ISO 6983 formally known as G & M codes 
language. The current CNC language, so called G & M 
codes have been used since the 1950s. The programs for 
CNC machines are generated by computer aided 
manufacturing systems that uses computer aided design 
information. G & M codes language is defined by just 
numerical codes such as G, T, M, F, S etc indicating the 
movement of a machine and an axis to the controller. 
Meanwhile this language delivers only limited information 
to the CNC, this makes the CNC nothing but an executing 
mechanism which is completely unaware from the motions 
being executed. For ISO 6983, it has also become necessary 
to perform so called post-processing in order to convert the 
neutral part program for each controller [9]. However with 
the growth in the manufacturing world, there are number of 
problems found in this data interface such as: delivering 
limited information to CNC, transferring one-way 
information from CAD/CAM to CNC, unable to implement 
the seamless integration of the CAD-CAM-CNC, etc [10]. 
Also, the development of various CAD/ CAPP/ CAM/ CNC 
systems in the CAx process chain created a requirement for 
data exchange standards to enable smooth data integration 
between machines and systems from different vendors. 
Behind these drawbacks in reality G-codes programs are 
still very valuable in commercial manufacturing systems 
because they incorporate both an implicit micro process 
plan as well as many years of operator experience [9]. For 
this reason a functionality of interpretation of G-code has 
included in this system.    
In order to overcome data integration problems a new 
standard STEP was introduced in the 1990’s. STEP is an 
international product data standard also known as ISO 
10303. It provides a computer interpretable definitions of 
the physical and functional characteristics of a product 
throughout its life cycle [11]. ISO 10303 significantly 
improved the interoperability between CAD systems. This 
standard has also highlighted the need for the development 
of a similar standard for exchange of information between 
CNC machines as well as CAM systems. Consequently, in 
the 1999’s an international project was started to specify a 
new standard entitled ISO 14649 formally known as STEP-
NC to bring the benefits of STEP to CAM and CNC [12]. 
The ISO 14649 standard is an extension of ISO 10303, it 
allows the connections between STEP based CAx and 
CNC. The data models of the ISO 10303 and ISO 14649 
standards are constructed based on the EXPRESS language 
[11]. The EXPRESS language is a formal language for the 
definition of entity attribute data models. ISO 10303 part 21 
was the first implementation method that defines the basic 
rules of storing EXPRESS/STEP data in a character based 
physical file [13]. The introduction of ISO 14649 recovers 
the information loss from CAD/CAPP/CAM to CNC and 
makes the CNC more open, interoperable and intelligent 
[7]. STEP-NC is mainly focused on exchange of data with 
the machine tool controller and is formalized as ISO14649 
and ISO10303-AP238  [14,15].  
In order to implement that new standard, the 
conventional CNC machines vendor’s dependency [16] 
causes the main issues. According to [17] “most of  the  
today’s CNC machine  tool systems are being equipped 
with CNC controller supplied by controller vendors as a 
black box and this makes it difficult for  the  machine  tool  
builder  to  quickly  develop  and  implement  the  custom  
control functions”. As a result, this type of branded 
controller design does not allow the end user to 
autonomously install and interface any new indigenously 
developed or commercially acquired functional modules so 
as to enhance the functionality of the machine. To 
overcome these problems open architecture control 
technology was introduced [16,18]. The aim of this 
technology is to develop controllers independent from the 
manufactures technology, which allows the user to buy 
hardware and software from several different manufactures 
and freely assemble the acquired piece of equipment 
[19,20]. This type of CNC systems can run on universal PC 
hardware and utilizes various software resources, that 
makes the CNC reconfigurable, interoperable, portable and 
interchangeable [21]. Seen  from  the  infrastructure  of 
CNC,  the  current  trend  is  towards developing PC-based  
open  soft-CNC [22].  
This paper presents a software system for open 
architecture CNC machine controller, which translate both 
data interfaces (ISO 14649 & 6983) codes as per internal 
structure of CNC machine. The system architecture consists 
of two data modules; ISO 14649 interpretation and ISO 
6983 interpretation. These modules are composed of input 
data, data extraction and output data sub modules which are 
explained in details in section 2. Further design of paper 
includes the working principle of developed system in 
section 3, followed by conclusion and future work in 
section 4. 
2. Conceptual module of developed system  
The developed software component is specially designed 
for open architecture control CNC systems. It is 
programmed in Laboratory Virtual Instrument Engineering 
Workbench (LabVIEW) with some special functions. The 
LabVIEW platform was chosen because it is a graphical 
language and is easy to use as compared to text coding 
platforms, it provides wide range of connectivity through 
serial ports, wireless etc [23-25]. Another advantage of lab 
view is that it provides connectivity access to almost all the 
software’s like MS office, C, C++, C#, Java, Mat lab, 
SolidWorks etc. The major advantage of Lab VIEW is that 
it is the best source to make all-in-one platform for CNC 
machine; it can provide access for monitoring, inspection, 
database, internet connectivity etc facilities to make all-in-
one CNC platform. The function of developed module is to 
translate ISO codes commands as per the internal structure 
of the CNC machine. It interprets the acceleration, 
deceleration, spindle speed, feed rate etc for each 
stepper/servo motor, so that stepper/servo motor can be 
moved throughout linear or circular interpolation. 
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The developed software system is composed of two sub-
modules: ISO 14649 interpretation and ISO 6983 
interpretation. It extracts all the data from executed ISO 
14649 & ISO 6983 data interface model and translates as 
per internal structure of the CNC machine, so that machine 
can perform operations.   
2.1. ISO 14649 interpretation module 
The function of this module is to interpret the data from 
ISO 14649, which is able to work with ISO 14649-21 code 
[26]. It extracts complete data of material, work piece, tool, 
positions, federate, spindle speed, tolerance etc, from 
inputted rich data set file of ISO 14649. After data 
extraction the software module combines all the data and 
translates to CNC machine. Developed system is also able 
to generate hoc format files of executed code data in .txt 
and .xml files as per user defined output file format with 
delimiter settings. The developed module is composed of 
three sub-modules; input module, data extraction module 
and output module. These sub-modules are composed of 
various functional blocks as shown in Fig.1. 
Fig. 1. Internal Structure of ISO 14649 Interpretation 
Module 
2.1.1. Input data module 
This module provides the path control function for file 
uploading, at the mean time it also enables read data 
function which reads all the content of input file. This 
module also contains a line indexing function which guides 
the interpreter regarding to the starting point of input file. 
This module is composed of three function blocks: input 
path control, read input data and line indexing.  
This module is the initial phase of developed component, 
whose functionality initiate by the generation of path 
control function to get input source code. After getting 
source code path, the next step of read file function is 
carried out. This function reads the complete content of 
input source. Then At the end of this phase a line index 
function is developed. The role of this function is to guide 
the interpreter about the starting point of code reading. The 
enabling of this function makes the interpreter able to 
extract/read code from any line of input file. Fig. 2 shows 
the stages of the input data module.  
 
Fig. 2. Input Data Module 
2.1.2. Data Extraction Module 
This module is composed of search data, match data, 
extract data, generate tokens, store, combines data and tool 
path function blocks. The functionality of this module 
begins with the searching for data inside input ISO 14649 
part 21 file. This function searches for entity numbers (i-e; 
#2, #4) inside input file. Then all the founded entity 
numbers goes to the match data function, which extracts the 
entire data of searched entity numbers from input file. After 
that the matched data goes to the extract data function, 
which mines the data as per their type i.e. entity names, 
values, numbers etc. After that token function is executed, 
which breaks all the extracted data into string tokens (i-e; 
WSFINISHPLANARFACE1,PLANARFACE1:LOCATIO
N, Values of location, depth, feed rate, spindle speed, tool 
name, tool type, tool diameter, tolerances etc) and pass to 
store data function, which stores all the data inside its 
memory. Then at the end of this data extraction module the 
function of data combining is taken place, which combines 
all the extracted tokens data into a single code and pass to 
the tool path functional block. This function takes combined 
data function output as an input and generates tool paths. 
Developed function utilize location, depth, feed rate, 
spindle speed, tool diameter, tolerance length measured, 
tolerance plus minus etc values of rich data interface model 
and generates tool paths for drilling, facing and pocketing 
processes. Fig. 3 shows the functionality of data extraction 
module. 
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2.1.3. Output Data Module 
This module passes the data extraction module output to 
the related parts of CNC machine controller. Output data 
module plays a key role to pass the data to the machine 
controller hardware system in a user defined file format 
(.txt or .xml) in a correct way i-e; x-axis values goes to the 
x-axis servo/stepper motor, tool values goes to the tool 
changer etc. At the same time this module is also able to 
generate output file in .txt and .xml in user defined file 
structure. These output generated files can be used in any 
type of Personal Computer (PC) based open architecture 
CNC machine systems. Fig. 4 shows the functionality of 
output data module. 
Fig. 3. Data Extraction Module 
Fig. 4. Output Data Module 
2.2.  ISO 6983 Interpretation Module 
This interpreter module is composed of same 
components as shown in Fig. 1. The functionality starts 
with the file path control function, which provides access to 
upload ISO 6983 code into the system. After uploading the 
read function reads the complete contents of input code and 
pass to line index function for the selection of starting point 
of the process. By default this function has zero value, 
which indicates the process will starts from the first line of 
the input code.  
Whereas there is difference is in the data extraction 
module, because of the different file structure of both data 
interface models. ISO 6983 contains low level information 
as compared to ISO 14649. However its output data module 
working is same as explained in ISO 14649 interpretation 
module. 
Data extraction module of this interpretation system is 
composed of search, scan, token, match and combine 
function blocks. The functionality of this module starts with 
the search data function, which searches for patterns inside 
inputted ISO 6983 code. This function searches for the 
patterns (X, Y, Z, F, S, T, C etc) inside input code. After 
searching, scan data function starts which scans the values 
of founded patterns inside input code and pass the values to 
generate token function, which breaks the string into 
tokens. Then these token go to the match data function 
which mines all the extracted data as per their matches (i.e. 
for position patterns it mine X, Y and Z patterns values, 
similarly for T it mines tool number etc). At the end of this 
function the combine data function executes. This function 
combines all the mined data of data extraction module into 
new single code and pass to the output data module. Fig. 5 
shows the functionality of ISO 6983 interpreter module. 
The output data module translates the data to the open CNC 
machine as per their internal structure (i.e. X values goes to 
x-axis servo/stepper motor drive, Y goes to y-axis 
servo/stepper motor drive etc.) and also generate out files in 



















Fig. 5. Data Extraction Module for ISO 6983 
3. Working Principle 
This section describes the working principle of 
developed interpretation system. 
3.1. ISO 14649 Interpretation 
The working principle of this module starts with 
uploading of STEP part 21 file into the developed software 
which will perform the functions of input data module. 
After that the input file will be passed to the second data 
module which is of data extraction. Then at the end file will 
passed to the output data module, which transfers the data 
into open CNC machine and machine performs operations. 
733 Yusri Yusof and Kamran Latif /  Procedia CIRP  26 ( 2015 )  729 – 734 
Fig. 6 shows the working principle of ISO 14649 
interpretation system. 
The Graphical User Interface (GUI) of developed system 
is composed of four sections; main, shop floor editor, 
details and settings as shown in Fig. 7. Main page contains 
input path control function from where system takes input 
file, it also shows the complete contents of input file with 
headers data, project name data, work piece data, cutting 
tool data and machining process data. The main screen 
shows all the data of header, project name, work piece, 
cutting tool and machining processes in different sections, 
so that user can easily understand the content of input code. 
The shop floor editor provides the access to do 
modifications in code while machining or offline, it enables 
to do modifications on work piece locations, setup 
locations, depth of cut, spindle speed, federate, processes 
depth, tolerances etc. The details tab of developed system 
provides the in depth information of setup, work piece, 
processes, tolerances, locations, depths etc in different 
sections. The last tab is of settings which provides access to 
the input and output setting of the file, for input setting it 
has line indexing function whereas for output setting it has 
pass data to CNC machine and generates output functions. 
The aim to developed GUI is to present the rich data into 
easily understandable structure and also provide access 
towards contents of input file, so that users can easily check 






















Fig. 7. GUI of the ISO 14649 interpretation module 
3.2. ISO 6983 Interpretation 
The developed software module take commercially 
available CAD/CAM systems generated ISO 6983 code as 
an input. After passing through the input data module 
function the file goes to the data extraction module, then at 
end it goes to the output data module. Output data model 
then forwards the translated code to open CNC machine for 
operations as shown in Fig. 6. 
Graphical User Interface (GUI) of developed software 
model has four sub tabs; main, shop floor editor, details and 
settings. Main interpreter tab is the main page of the 
software, which shows the input file path control, input ISO 
6983 code and generated (interpreted) code. Shop floor 
editor show all the extracted data, so user can easily modify 
data at any time while working. With the enabling of this 
function, the system able to provide access to made last 
minute changes in position, feed rate, spindle speed, tool etc 
data of input code. Details tab show the extracted values 
from input code. Setting tab is the important tab of 
interpreter, which is composed of input and out setting. 
Input setting is about to guide the interpreter regarding the 
starting point (the point from which interpreter starts 
reading inputted code). By default it has a value of 0, which 
means the first line of input code. Output settings translates 
the data to the CNC machine as per their internal structure 
and also generates out files in .txt and .xml formats, this 
sections contains pass data to CNC machine and generates 

















Fig. 8. GUI of the ISO 6983 interpretation module 
4. Conclusion and Future work 
CNC controller is an important part of the machine 
which is composed of software and hardware platforms. 
The interpreter is a software platform of CNC machine 
controller, whose function is to translate the input ISO 
codes as per internal structure of CNC machine, so that 
stepper/servo motor can be moved throughout linear or 
circular interpolation. Now a days conventional controllers 
of CNC machines are found to be close in nature, i.e. they 
do not facilitate access to the inner features of the CNC 
controllers and axis control systems. These systems are 
closed in both aspects: hardware and software. In other 
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words they are closed in terms of Human Machine Interface 
(HMI) platform, input and output functions, connectivity, 
data interface model etc. As the interpreter is the software 
part of the CNC machine controller, due to the closeness of 
controller the interpreter is also dependent of vendor’s 
specifications.  
To overcome these problems open architecture control 
technology was introduced, the aim of this technology is to 
develop controller which are independent from the 
manufactures technology, allowing the user to buy 
hardware and software from several different manufactures 
and freely assemble the acquired piece of equipment.  
In this paper a software system was developed for open 
architecture CNC control systems, this module is able to 
translate ISO 14649 part 21 and ISO 6983 data interface 
model code as per internal structure of machine. The 
software is composed of two sub modules; ISO 14649 
interpretation module and ISO 6983 interpretation module. 
These modules works on the basic of the input data, data 
extraction and output data modules. Developed system able 
to work with current CAD/CAM systems, and it is of open 
nature it welcomes everyone from different sources (VB, 
C++,C#, JAVA etc) to communicate. Developed software 
module is also able to generate output file in .txt and .xml 
formats as per user defined structure. This software makes 
life easy for the users, it extracts the complete data from 
low level code and high level code and shows it in the easy 
form on GUI. It shows all the extracted data of setup, work 
piece, co-ordinates, locations, depth, tool, tolerance etc into 
separate portions to provide easy understanding to user 
about the content of input file and also provides an options 
for easy data modification as per requirements. 
In future the software will be practically implemented 
on [27] open architecture control system. Also the software 
will be updated by enabling various functions of ISO 14649 
part 21 and 28 interpretation, automatic and accurate tool 
path generations, feedback, monitoring and inspection GUI 
development etc. The main aim of this research is to 
develop an all-in-one platform for CNC machine.                            
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